INTRODUCTION
Infection control of impressions has been a major concern in clinical dentistry. The American Dental Association (ADA) has recommended that impressions should be disinfected with ADA-accepted disinfectants such as chlorine compounds, iodophors and glutaraldehydes that need no more than 30min for disinfection1). They also recommend spraying of disinfectants on impressions rather than immersion in disinfectants, when an alginate impression material is used. Many studies have shown that the recommended procedure does not affect the accuracy or surface quality of dental stone models2-4).
Considering the much longer (6 to 10h) sterilizing requirement recommended for dental instruments that come into contact with oral tissues1), the maximum 30min disinfection process generally agreed for alginate impressions may not be effective in destroying microorganisms.
However, immersion of alginate impressions in disinfectant for more than 30 minutes has been reported to have adverse effects on the surface quality and dimensional accuracy of models, although this depends on the combination of impression material, dental stone and disinfectant2,5-8).
In our previous study on the surface quality of dental stone models set against alginate im-GLUTARALDEHYDE DISINFECTANT FOR ALGINATE pressions, where 1h immersion time was adopted, the results from 2% glutaraldehyde solution alone were superior to those from commercial glutaraldehyde disinfectants which contained buffer agents to activate glutaraldehyde9). The X-ray diffraction analysis employed also indicated higher levels of calcium sulfate hemihydrate residue on the specimen surface in the latter case. These findings led to the hypothesis that the deterioration of the model surface could be caused by buffer agents contained in the commercial disinfectants and not by glutaraldehyde itself. The purpose of the present study was to formulate experimental glutaraldehyde disinfectants which assure superior surface quality of dental stone models. Together with this attempt, the effect of additives that accelerate the hydration of calcium sulfate hemihydrate was also investigated.
MATERIALS AND METHODS
The experimental disinfectants (ED) based on glutaraldehyde aqueous solution consisted of two groups. The first group was buffered with one buffer agent (ED1) and the second with two agents (ED2). Table 1 lists the seven experimental disinfectants buffered with 2.5% potassium acetate alone and in combination with 3% sodium hydrogen carbonate. The former (ED1) contained four kinds of sulfates as accelerators for the hydration of calcium sulfate hemihydrate and their pH values ranged from 5.94 to 6.21. The latter (ED2) contained one of the accelerators used for the ED1 group (MgSO4) but the amount varied from 0.25% to 1% by weight. The ED2 group had higher pH values than those of the ED1 group; 7.95 to 8.04. Table 2 shows the three commercial disinfectants (CD) used in this study. The pH values ranged from 7.78 to 7.83 when they were buffered according to the manufacturers' instructions. Tables 1 and 2 , and deionized water (DW).
H=calcium sulfate hemihydrate, D=calcium sulfate dihydrate.
cium sulfate hemihydrate (residual stone) were weakest with ED1-0.7Zn. The diffraction patterns from the remaining ED solutions and deionized water were similar, while the diffraction patterns from the CD solutions indicated poor hydration of hemihydrate to dihydrate. Typical SEM micrographs of the surface of dental stone set against the alginate impression treated in each solution are shown in Figs. 2 through 4 . A major difference detected between the ED (Fig. 2) and CD ( Fig. 3) solutions was the existence of large hemihydrate particles remaining on the surface of the specimens with the latter. The growth of small plate-like gypsum crystals was generally observed in the specimens prepared from the impressions immersed in the ED solutions (Fig. 2 ) and in deionized water (Fig. 4) . The highest degree of hydration indicated by the X-ray diffraction analysis was with the ED1-0.7Zn solution and interlocking gypsum crystals developed in parallel with the surface (Fig. 2) The ED2 group buffered with 3% sodium hydrogen carbonate and 2.5% potassium acetate was prepared with only one accelerator (magnesium sulfate) but with varying levels of addition, 0.25, 0.5, and 1% (Table 1) . This agent was selected because zinc and calcium sulfates formed precipitates and potassium sulfate gave the highest roughness value in the experiment of the ED1 group.
The roughness value from ED1-1K was significantly higher than those from ED1-0.7Zn (p<0.05).
Commercial glutaraldehyde disinfectants often contain phosphate salts as buffer agents19). These compounds retard the hydration of calcium sulfate hemihydrate20,21). It is most likely therefore that these buffer agents remaining on the surfaces of impressions retard the hydration of hemihydrate, and the use of alternative buffers which have no adverse effect on the hydration is indispensable. Further improvement may also be possible by incorporation of the effective zinc sulfate into glutaraldehyde disinfectants, but this will require the use of surfactants to attain an effective antimicrobial effect with glutaraldehyde.
